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(57) A permanent magnet sychronous linear motor 
comprising a field yoke (1) haying a plurality of pemria- 
nent magnets (2) the polarity of which is alternated and 
which are an^anged llneariy and an armature (3) facing 
the array of the pemianent magnets (2) through a mag- 
netic air gap, wherein the amiature (3) comprises an ar- 
mature core (4) having main teeth (4b) and slots (4a), 
an armature winding (5) wound In the slots 4a of the ar- 
mature core (4), and auxiliary teeth (6) provided at both 
the ends of the amiature core (4). The distance Xp be- 
tween the centers of the auxiliary teeth (6) and the pitch 
In, of the field poles satisfy a relation = (2n-1) x t,^ 
(n is a positive Integer) and the length O of the auxiliary 
teeth (6) is in relation of O < Hd < Ht where Hd is the 
length of the auxiliary teeth (6) In the direction orthogo- 
nal to the array of permanent magnets and Ht is the 
length of the main teeth (4b) in the direction orthogonal 
to the array of pemianent magnets. Thus a high per- 
fonnance permanent magnet synchronous linear motor 
having reduced cogging thrust can be provided. 




4 a 



1 Field yoke 

2 Pemaoent nagnet 

3 Azmature - 

4 Axmature core 
4a slot 

4b Mala- teeth 
4c Yoke portion 

5 Armature winding 

6 Auxiliary teeth 



F I g. 1 



Printed by Jouve, 75001 PARIS (FR) 



f^^ST AVAM ARLE COPV 



07/20/2004, EAST Version: 1.4.1 



EP1283 586A1 



Description 

[Technical Field] 

5 [0001] This Invention relates to a pemianent magnet synchronous linear motor that has a reduced cogging thrust 
and that is superior in perfomiance. 

[Background Art] 

10 [0002] Conventionally, there is Icnown a pemianent magnet synchronous linear motor that is used for a feed mech- 
anism of a machine toot or for a positioning device of a semiconductor manufacturing apparatus and that includes 
permanent magnets constituting a field pole and an amiature facing the pole face of the pemnanent magnets through 
an air gap and in which an amnature winding is wound in a slot of an amiature core. 

[0003] A cogging thrust is generated due to an edge effect at both ends of the amiature core when the amiature is 
IS moved in the longitudinal direction of the magnet an^ay of the pemianent magnets due to an electromagnetic effect 
with the pemianent magnets in a state where an electric current is not passed through the amiature winding of such 
a structured linear motor, in order to reduce this cogging thrust, a linear motor that has auxiliary teeth at both ends of 
the armature core has been proposed as a conventional technique described as follows. 

[0004] FIG. 5 is a side sectional view of a pemianent magnet synchronous linear motor that shows a first conventional 
20 teciinique that uses the 8-pole and 9-slot gap-opposed type (see JP,7-053427,Y2 for example). 

[0005] In FIG. 5, 1 is a flat field yolce, 2 is a plurality of pemnanent magnets disposed on the field yoice 1 so as to 
aitemate the polarity thereof, 10 is an amiature facing the pole face of the pemianent magnet 2 through an air gap, 
and 11 is an armature core in which an electromagnetic steel plate is pectinately cut and in which an amiature-core 
disc that has main teeth lib fomning slots 11a and a yoke portion llcby which main teeth lib are connected is placed 
25 and fixed thereto. 12 is an armature winding wound and contained in the slot 11a. 13 are auxiliary teeth provided at 
both ends of tiie armature core 11 , and the length! Ht of the main teeth 11b is equal to the length Hd of the auxiliary 
teeth 13. In this linear motor, the pemianent magnets 2 provided on the field yoke 1 serve as a staler, and the amiature 
1 0 serves as a movable part and runs in the longitudinal direction of the field yoke 1 . 

[0006] In such a structured linear motor, the distance between the centers of the auxiliary teeth is an odd number of 
30 times as large as half of a field-pole pitch, i.e., satisfies the relationship of Xp^ = (2n-1) x t^2 where i^ is the distance 
between the centers of the auxiliary teeth disposed at both ends of the amiature, and t,„ is the field-pole pitch. F!G. 5 

shows an example in which n=9. 

[0007] Further, a linear motor disclosed In JP,60-30195,B can be mentioned as a second conventional technique. 
[0008] In this linear motor, the distance between the centers of auxiliary teeth provided at both ends of an amiature 

35 is an odd number of times as large as the field-pole pitch x^, and satisfies the relationship of = {2n-1) x x„. 

[0009] However, in the conventional techniques, the distance between the centers of the auxiliary teeth Is specified 
as mentioned above as a countenneasure for which an edge effect at the ends of the amiature core is removed, but 
the intention to improve perfonnance in accordance with the usage of the linear motor conversely narrows design 
freedom, and therefore a cogging thrust cannot be reduced, and, disadvantageously, difficulties in improving the per- 

40 fonnance of the linear motor cannot be eliminated. 

[0010] Additionally, the distance between the centers of the auxiliary teeth, which is specified by the conventional 
techniques, is calculated in consideration of a primary component in which a change occurs In the ratio of 1 cycle to 
1 magnetic-pole pitch. Therefore, a great reducing effect Is brought about on the primary component, but. If a secondary 
component or a high-order component is contained in a cogging waveform, a reducing effect on tiie high-order com- 

45 ponent Is small, and a situation occurs In which cogging cannot be reduced. 

[0011] Still additionally, there is a situation in which the pitch between the auxiliary teeth where a cogging reducing 
effect is maximized deviates from the aforementioned pitch specified by the conventional techniques because of, for 
example, an influence of a slot shape between the teeth of the armature. 

[0012] The present invention has been made to soh^e the problems, and it is an object of the present invention to 
50 provide a highijerfomnance pemianent magnet synchronous linear motor that has a reduced cogging thrust. 

[Disclosure of Invention] 

[0013] In order to solve the problems, the invention of Claim 1 is characterized in that a permanent magnet synchro- 
S5 rious linear motor comprises a field yoke having a plurality of permanent magnets which constitute fieldpoles so that 
the polarity thereof Is alternated and which are an-anged llneariy and an amiature facing an an-ay of the pemianent 
magnets through a magnetic air gap, in which the amiature comprises an amiature core having main teeth and slots, 
an amfiature winding wound in the slots of the armature core, and auxiliary teeth provided at both ends of the amnature 
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core and In which the center-to-center distance t of the auxiliary teeth and the pitch Xn, of the field poles satisfy a 
relationship Tp = (2n'1 ) x x^2 (n is a positive integer) and in which the field pole and the armature are relatively moved 
under the condition that one of the field pole and the amiature Is caused to serve as a stationary element and the other 
one is caused to serve as a movable element, wherein the length of the auxiliary teeth results In a relationship of 0 < 

5 Hd < Ht where Hd is the length of the auxiliary teeth in the direction orthogonal to the array of the permanent magnets 
and Ht Is the length of the main teeth In the direction orthogonal to the array of the permanent magnets. 
[001 4] The invention of Claim 2 Is characterized in that, in the permanent magnet synchronous linear motor according 
to Claim 1 , the width 8d of the auxiliary teeth along the longitudinal direction of the array of the pemianent magnets Is 
set to be narrower than the width Bt of the main teeth along the longitudinal direction of the array of the pemianent 

10 magnets. 

[0015] The invention of Claim 3 Is characterized in that, In the permanent magnet synchronous linear motor according 
to Claim 1 or Claim 2, the ratio Hd/Ht of the length Hd of the auxiliary teeth to the length Ht of the main teeth Is set to 
be 0.5^ Hd/Ht<1. 

[001 6] The invention of Claim 4 Is characterized In that, In the pemnanent magnet synchronous linear motor according 
'5 to any one of Claims 1 through Claim 3, the annature core Is made up of a plurality of divided cores, and Is formed 
such that a convex engagement part Is provided on a side face of a yoke portion that constitutes the divided cores, 
and a concave engagement part is provided on an opposite side face thereof, and thereafter adjoining parts of the 
engagement parts are fitted and coupled with each other. 

[0017] The invention of Claim 5 is characterized in that a permanent magnet synchronous linear motor comprises a 
^ field yoke having a plurality of permanent magnets which constitute field poles so that the polarity thereof Is alternated 
and which are arranged linearly and an annature facing the array of the pemianent magnets through a magnetic air 
gap, In which the armature comprises an armature core having main teeth and slots, an annature winding wound in 
the slots of the amiature core, and auxiliary teeth provided at both ends of the amiature core and In whteh the center- 
to-center distance Xp of the auxiliary teeth and the pitch x^ of the field poles satisfy a relationship Xp ^ (2n-1) x %J2 
25 (n is a positive integer) and in which the field pole and the annature are relatively moved under the condition that one 
of the field pole and the annature is caused to serve as a stationary element and the other one is caused to serve as 
a movable element, wherein the length of the auxiliary teeth results In a relationship of 0 < Hd ^ Ht where Hd is the 
length of the auxiliary teeth In the direction orthogonal to the anay of the pemianent magnets and Ht Is the length of 
the main teeth in the direction orthogonal to the array of the pemianent magnets. 
30 [001 8] The Invention of Claim 6 Is characterized In that, in the pemianent magnet synchronous linear motor according 
to Claim 5, the ratio Hd/Ht of the length Hd of the auxiliary teeth to the length Ht of the main teeth is set to be 0.5 s 
Hd/Ht^1. 

[001 9] The invention of Claim 7 Is characterized In that, In the pemianent magnet synchronous linear motor according 
to Claim 5 or Claim 6, the armature core is made up of a plurality of divided cores, and Is fomied such that a convex 
55 engagement part is provided on a side face of a yoke portion that constitutes the divided cores, and a concave en- 
gagement part is provided on an opposite side face thereof, and thereafter adjoining parts of the engagement parts 
are fitted and coupled with each other 

[0020] The invention of Claim 8 Is characterized in that a permanent magnet synchronous linear motor comprises a 
field yoke having a plurality of pemianent magnets which constitute field poles so that the polarity thereof Is alternated 

40 and which are arranged linearly and an amiature facing the array of the permanent magnets through a magnetic air 
gap, In which the armature comprises an armature core having main teeth and slots, an annature winding wound in 
the slots of the annature core, and auxiliary teeth provided at both ends of the amiature core, and In which the field 
pole and the annature are relatively moved under the condition that one of the field pole and the amiature Is caused 
to serve as a stationary element and the other one Is caused to serve as a movable element, wherein the center-to- 

45 center distance of the auxiliary teeth and the pitch x^ of the field poles satisfy a relationship (2n-1 )Xn/8 ^ Xp ^ (2n- 
1)Xn/2 (n is a positive integer), and wherein the length of the auxiliary teeth results in a relationship of 0 < Hd ^ Ht 
where Hd is the length of the auxiliary teeth In the direction orthogonal to the an-ay of the pemianent magnets and Ht 
Is the length of the main teeth In the direction orthogonal to the array of the pemfianent magnets. 
[0021] The invention of Claim g Is characterized in that, in the pemianent magnet synchronous linear motor according 

so to Claim 8, the width Bd of the auxiliary teeth along the longitudinal direction of the an^y of the pemianent magnets is 
set to be narrower than the width Bt of the main teeth along the longitudinal direction of the array of the pemianent 
magnets. 

[0022] The invention of Claim 10 Is characterized in that, in the pemianent magnet synchronous linear motor ac- 
cording to Claim 9, the annature corQ Is made up of a plurality of divided cores, and is fomied such that a convex 
S5 engagement part Is provided on a side face of a yoke portion that constitutes the divided cores, and a concave en- 
gagement part is provided on an opposite side face thereof, and thereafter adjoining parts of the engagement parts 
are fitted and coupled with each other. 
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[Brief Description of Drawings] 

[0023] FIG. 1 is a side sectional view of a permanent magnet synchronous linear motor showing the embodiment of 
the present invention, the linear motor being common in describing the relationship between main teeth and auxiliary 
teeth in the First through Third Embodiments. FIG. 2 shows an analytical result obtained by calculating a cogging thrust 
according to a numerical analysis In which the center-to-center distance Xp of the auxiliary teeth and the length of the 
auxiliary teeth are used as parameters. FIG. 3 schematically shows the relationship between the ratio of the length of 
the auxiliary teeth to the length of the main teeth of an armature and a cogging thrust. FIG. 4 is a side sectional view 
of a pennanent magnet synchronous linear motor showing a Fourth Embodiment of the present invention, the linear 
motor having divided cores. FIG. 5 is a side sectional view of a permanent magnet synchronous linear motor showing 
a first conventional technique. 

[Best Mode for Carrying Out the Invention] 

[0024] Embodiments of the present Invention will hereinafter be described with reference to the drawings. 
(First Embodiment) 

[0025] FIG. 1 Is a side sectional view of a penmanent magnet synchronous linear motor showing the embodiments 
of the present invention, the linear motor being common in describing the relationship between main teeth and auxiliary 
teeth in the First through Third Embodiments. 

[0026] In the present invention, the same reference numbers are given the same constituent elements as In the 
conventional technique, and a description thereof is omitted. Only different respects will be described. The linear motor 
is the 8-pole and 9-slot gap-opposed type as in the conventional technique. 

[0027] In FIG. 1 , 3 Is an amriature, 4 Is an armature core, 4a Is a slot, 4b are main teeth, 4c is a yoke portion. 5 is an 
annature winding, and 6 are auxiliary teeth. 

[0028] In this embodiment, the linear motor has a stationary element structured by pemianent magnets 2 serving as 
field poles and a movable element structured by the annature 3 having the auxiliary teeth 6 at both ends of the armature 
core 4 that has the slots 4a and the main teeth 4b and in which the armature winding 5 is wound. The linear motor 
basically has the same structure as that of the conventional technique, 

[0029] Thereafter, in this embodiment, a cogging thrust was calculated according to a numerical analysis using the 
finite element riiethod on the supposition that the distance between the centers of the auxiliary teeth 6 is tp, the distance 
between the centers of the auxiliary teeth 6 shown in the conventional technique of FIG. 4 is Tp^, and the center-to- 
center distance Xp of the auxiliary teeth 6 and the length Hd of the auxiliary teeth 6 are used as parameters. Herein, 
the length of the.auxjjLary teeth 6 in the direction _orthogooal_to..the_array_of_the_pemianent.magnets-2-is-represented- 
as Hd, and the length of the main teeth 4b In the direction orthogonal to the array of the penmanent magnets 2 Is 
represented as Ht. 

[0030] FIG. 2 shows an analytical result obtained by calculating a cogging thrust according to a numerical analysis 
In which the center-to-center distance i^ of the auxiliary teeth 6 and the length Hd of the auxiliary teeth 6 are used as 
parameters. 

[0031] The vertical axis represents a cogging thrust, and the horizontal axis represents the ratio Xp/Xp^ of the center- 
to-center distance Xp of the auxiliary teeth 6 shown in FIG.I to center-to-center distance Xp^ of the auxiliary teeth 6 
shown in FIG. 4 and represents the ratio Hd/Ht of the length Hd of the auxiliary teeth 6 to the length Ht of the main 
teeth 4b. The contour line equal in value to the cogging thrust is shown by connecting each calculation point iilce a 
lattice. FIG. 2 Is shown by giving positive and negative signs to the cogging thrust, In consideration of the direction of 
the cogging thrust. 

[0032] In the example of FIG. 2, a point where the cogging thrust reaches almost zero exists by appropriately setting 
the length Hd of the auxiliary teeth 6 when the ratio Xp/Xpo Is within the range of about 0.98 or more, and, when designed, 
design freedom can be made greater than conventionally 

[0033] Although the point exists at which the cogging thrust reaches almost zero in this example, it depends on the 
pitch of the field poles or on the teeth width or shape of the annature. A change, such as that shown In FIG. 2, can be 
known by a numerical analysis or an experiment. 

[0034] Additionally, in this example, a slight cogging thrust has occun'ed under the condition that the length of the 
auxiliary teeth 6 Is equal to the length of the main teeth 4b, and the distance between the centers of the auxiliary teeth 
6 is Xpo, which is disclosed In JP, 7-053427, Y2. This results from an influence caused by the shape of the front end of 
the main teeth 4b, and shows that there Is a situation where the optimum point deviates from the pitch Xdo specified In 
JP.7.053427,Y2. ^ 
[0035] Even In this situation, according to the present invention, the cogging thrust can be reduced to a numerical 
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value of almost zero by appropriately setting the length Hd of the auxiliary teeth 6 to be 0 < Hd < Ht under the condition 
that the relationship between the center-to-center distance ip of the auxiliary teeth 6 and the pitch tn, of the field poles 
is set to be Ip = (2n-1 ) x xJ2 (n is a positive Integer). 

[0036] Next, a description will be given of the operation of the auxiliary teeth 6. The cogging thrust F of the linear 
5 motor is expressed by the following equation: 

F=F1 + F2 (1) 

to where F1 is a thrust acting on the main teeth, and F2 Is a thrust acting on the auxiliary teeth 6. 

[0037] FIG. 3 schematically shows the relatlonsh ip between the ratio of the length of the auxiliary teeth 6 to tfie length 
of the main teeth 4b of an annature and a cogging thrust. 

[0038] The horizontal axis represents the ratio of the length of the auxiliary teeth 6 to the length of the main teeth 4b 
of an annature, and the vertical axis represents a cogging thmst. As In FIG. 2, positive and negative signs are given 
t5 to the cogging thrust In consideration of the direction of the cogging thrust In FIG. 3. 

[0039] As can be understood from FIG. 3, the cogging thrust F2 acting on the auxiliary teeth 6 and the thmst F1 
acting on the annature 3 change according to the length of the auxiliary teeth 6. The thrust acting on the main teeth 
4b can be removed by appropriately setting the length of the auxiliary teeth 6, and the entire cogging thrust F (= F1 + 
F2) can be reduced to zero. 

20 [0040] The optimum value of the length of the auxiliary teeth 6 where a cogging thrust reaches zero depends on the 
distance between the centers of the auxiliary teeth 6, the field-pole pitch, the length of the annature core 4, the width 
of the auxiliary teeth 6, etc. Refemng to the optimum value, if the ratio Hd/Ht of the length Hd of the auxiliary teeth to 
the length Ht of the main teeth is set to be 0.6 <. Hd/Ht S 1 from an analytical result of FiG, 3, the cogging thrust can 
be reduced to almost zero. Additionally, if the width Bd of the auxiliary teeth 6 along the longitudinal direction of the 

25 array of the permanent magnets 2 Is set to be narrower than the width Bt of the main teeth 4b along the longitudinal 
direction of the an-ay of the pennanent magnets under the aforementioned condition, it was verified that this width 
relationship is effective at further reducing the cogging thrust. 

[0041] Therefore, in the linear motor, the relationship between the length Hd of the auxiliary teeth 6 and the length 
Ht of the main teeth 4b is appropriately set to be 0 < Hd < Ht under the condition that the relationship between the 
30 center-to-center distance Xp of the auxiliary teeth 6 and the pitch i^ of the field poles Is expressed as Xp = (2n-1 ) x \^ 
2 (n is a positive integer), and therefore the cogging thrust can be made almost zero, and a high-performance permanent 
magnet synchronous linear motor that has a reduced cogging thrust can be provided. 

[0042] Additionally, according to the aforementioned numerical analysis, it was understood that the following effect 
by which a cogging thrust is reduced exists, besides the aforementioned condition. 

35 

(Second Embodiment) 

[0043] Next, a Second Embodiment will be described with reference to FIG. 1. Herein, the length of the auxiliary 
teeth 6 is set to be 0 < Hd < Ht where Hd is the length of the auxiliary teeth 6 in the direction orthogonal to the array 
40 of the pennanent magnets 2 and Ht is the length of the main teeth 4b in the direction orthogonal to the array of the 
pennanent magnets 2, under the condition that the relationship between the center-to-center distance tp of the auxiliary 
teeth 6 and the pitch i^ of the field poles is set to be Xp {2n-1 ) x xJZ (n Is a positive integer). 
[0044] In this structure, the ratio Hd/Ht of the length Hd of the auxiliary teeth 6 to the length Ht of the main teeth 4b 
is set to be 0.5 < Hd/Ht <1. 

^5 [0045] According to the Second Embodiment, when the relationship between the length Ht of the main teeth 4b and 
the length Hd of the auxiliary teeth 6 is set as mentioned above, the cogging thrust can be reduced to almost zero as 
in the First Embodiment, and a high-perfonnance permanent magnet synchronous linear motor that has a reduced 
cogging thrust can be provided. 

50 (Third Embodiment) 

[0046] Next, a Third Embodiment will be described with reference to FIG. 1 . 

[0047] As described with regard to the conventional technique, the cogging wavefonn of the linear motor has high- 
order components including or exceeding the secondary component with respect to the pole pitch besides the primary 
55 component. Its amplitude becomes larger proportionately with a decrease In order. Therefore, for cogging reduction, 
the primary component and the secondary component are especially required to be reduced. 
[0048] Next, a description will be given of an effect achieved by allowing the auxiliary teeth 6 to reduce the primary 
component or the secondary component. A description will be first given of the relationship between the center-to- 
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center distance of the auxillary teeth 6 and cogging. 

[0049] What is needed to reduce the primary component is to, as disclosed In JP,7-053427,Y2 , set the center-to- 
center distance of the auxiliary teeth 6 to be: 

Tp = (2n.1).x„/2 

[0050] The center-to-center distance of the auxiliary teeth 6 by which the secondary component is removed Is as 
follows. 



FL=Fosln[(2x/T„)2nI 



FR = Fo sln[(2x/T„)27c + (2Tp/T„,2ic] 

where FL is a force acting on the left auxiliary teeth 6, FR is a force acting on the right auxiliary teeth 6, Fo is the 
amplitude of the secondary component, and x is the position of the amiature core 4. 
[0051] Since the resultant force of FL and FR is required to be zero, 

Fs = Fo sin[(2x/T„)2n] + Fo sin[(2x/T„)2n+(2'ip/T„)27c] = 0 

That is, what is needed is to satisfy: 

(2Tp/Tj 27i = (2n-1)7c/2 



Therefore, Xp = (2n-1) x^/B 

[0052] Thus, the primary and secondary components can be simultaneously minimized by adjusting the length of 
the auxiliary teeth 6 though the center-to-center distance of the auxiliary teeth 6 by which the primary component is 
minimized is different from that of the auxiliary teeth 6 by which the secondary component is minimized. 
[0053] The length of the auxiliary teeth 6 has a greater influence on the primary component, and the primary com- 
ponent can be reduced by appropriately setting the length of the auxiliary teeth 6 even when the center-to-center 
distance of the auxiliary teeth 6 is artDitrary. In this situation, the magnitude of the secondary component also changes 
according to the length of the auxiliary teeth 6. According to an analytical result brought about by the finite element 
method, it was ascertained that a position where the secondary component is simultaneously minimized exists in the 
range of 

(2n.1)xJ8^Xp(2n-1)x„/2 

[0054] In other words, what is needed to simultaneously reduce the primary and secondary components is to set the 
center-to-center distance of the auxiliary teeth 6 to be (2n-1 ) x^/S <, Xp(2n-1 ) xj2. Accordingly, the optimum center-to- 
center distance of the auxiliary teeth 6 can be calculated by, for example, a numerical analysis or experiment according 
to the finite element method. 

[0055] In the Third Embodiment, the primary and secondary components of a cogging waveform can be simultane- 
ously reduced by setting the relationship between the field-pole pitch and the center-to-center distance x^ of the 
auxiliary teeth as mentioned above, and therefore, as in the First and Second Embodiments, the cogging thrust can 
be reduced to almost zero, and a high-perfomriance pemnanent magnet synchronous linear motor can be provided. 

(Fourth Embodiment) 

[0056] A Fourth Embodiment will be described. 

[0057] The example of the annature core of an integral type has been shown In the First through Third Embodiments , 
but. instead of the integral annature core, one that is constructed of a plurality of divided cores may be provided. FIG. 
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4 Is a side sectional view of a permanent magnet synchronous linear motor having divided cores. 
[0058] In greater detail, an amnature 3 of this linear motor is constructed such that an amnature core 4 is divided into 
a plurality of core blocks, a convex engagement part 4d Is then provided on one of the side faces of a yoke portion 4c 
that constitutes the divided core blocks whereas a concave engagement part 3e is provided on the other side face 
5 thereof, an amnature winding 5 Is then wound in the nomnal winding manner and is contained in a slot 4a of the core 
block, the engagement parts 4d and 4e of adjoining parts of the block cores are then fitted and united with each other, 
and, lastly, the united block cores are fixed to the undersurface of a movable element 7. 

[0059] Since the length of the amnature can be freely increased or decreased in accordance with the specifications 
of the linear motor in the Fourth Embodiment, design freedom can be Increased, and a cogging thaist can be reduced 
10 by combining the Fourth Embodiment with the stmctural features of the First through Third Embodiments when a 
demand to lengthen the stroke of the linear motor is made. 

[0060] Preferably, the relationship between the center-to-center distance Tp of the auxiliary teeth shown in the em- 
bodiments and the center-to-center distance tpo of the auxiliary teeth shown In the conventional techniques is set to 
be Tp = X 0,99. 

IS [0061] Additionally, although the teeth have been formed to be open slots In the embodiments, semi-open slots are 
pemnlssibie as shown in . for example, FIG. 4, and a cogging thrust can be reduced by appropriately setting the auxiliary 
teeth. 

[0062] Still additionally, although the linear motor has been described with reference to the gap-opposed type, it Is 
pemiisslble to dispose two-anray field poles on both sides of the armature through a magnetic air gap so as to replace 
20 It with one of a magnetic-flux penetration type. 

[0063] Still additionally, the material of the auxiliary teeth Is allowed to differ from that of the amnature part, and may 
be appropriately selected. 

[0064] Still additionally, by appropriately setting the auxiliary teeth disposed at both ends of the amnature core to 
assume an optimum shape, the present invention can have an effect by which the impedance unbalance between 
25 amnature windings is restricted. 

[Industrial Applicability] 

[0065] Thus, the pemianent magnet synchronous linear motor of the present invention Is useful for a carrier system 
30 of an FA apparatus, such as a table feeder of a construction machine Or a stepper-driving mechanism of a semicon- 
ductor-manufacturing apparatus. 



Claims 

35 

1 . A pennanent magnet synchronous linear motor comprising: 

a field yoke having a plurality of pemianent magnets which constitute field poles so that a polarity thereof is 
alternated and which are arranged llneariy, and an amnature facing an array of the pemianent magnets through 
^0 a magnetic air gap; 

the armature comprising an armature core having main teeth and slots, an armature winding wound In the slot 
of the armature core, and auxiliary teeth provided at both ends of the amnature core; 
a center-to-center distance Tp of the auxiliary teeth and a pitch of the field pole satisfying a relationship of 
Tp = (2n-1 ) X Tn^2 (n is a positive integer); 

the field pole and the armature being relatively moved under the condition that one of the field pole and the 
armature Is caused to serve as a stationary element and the other one Is caused to serve as a movable element; 
the linear motor characterized In that the length of the auxiliary teeth is set to be in the range of 0 < Hd < Ht 
where Hd is the length of the auxiliary teeth in a direction orthogonal to the array of the pemianent magnets 
and Ht is the length of the main teeth in the direction orthogonal to the amy of the pemnanent magnets. 

so 

2. The pemnanent magnet synchronous linear motor of Claim 1 , characterized in that the width Bd of the auxiliary 
teeth along a longitudinal direction of the anay of the pemnanent magnets is set to be nan-ower than the width Bt 
of the main teeth along the longitudinal direction of the an^ay of the pemnanent magnets. 

ss 3. The pemnanent magnet synchronous linear motor of Claim 1 or Claim 2, characterized In that a ratio Hd/Ht of 
the length Hd of the auxiliary teeth to the length Ht of the main teeth is set to be 0.5 ^ Hd/Ht < 1 . 

4. The pemianent magnet synchronous linear motor of any one of Claims 1 through 3, chanacterized in that the 
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armature core Is made up of a plurality of divided cores, and Is formed such that a convex engagement part Is 
provided on a side face of a yoke portion that constitutes the divided cores whereas a concave engagement part 
is provided on an opposite side face thereof, and adjoining parts of the engagement parts are fitted and united 
with each other. 

A pemfianent magnet synchronous linear motor comprising: 

a field yoke having a plurality of pennanent magnets which constitute field poles so that a polarity thereof Is 
alternated and which are arranged linearly, and an armature facing an anray of the pennanent magnets through 
a magnetic air gap; 

the amriature comprising an anmature core having main teeth and slots, an annature winding wound in the slot 
of the annature core, and auxiliary teeth provided at both ends of the armature core; 
a center-to-center distance tp of the auxiliary teeth and a pitch x^, of the field pole satisfying a relationship of 
Tp 9t (2n-1) X (n Is a positive Integer); 

the field pole and the annature being relatively moved under the condition that one of the field pole and the 
armature Is caused to serve as a stationary element and the other one is caused to serve as a movable element; 
the linear motor characterized In that the length of the auxiliary teeth is set to be In the range of 0 < Hd ^ i-lt 
where Hd is the length of the auxiliary teeth in a direction orthogonal to the array of the penmanent magnets 
and Ht Is the length of the main teeth In the direction orthogonal to the array of the pennanent magnets. 

The pennanent magnet synchronous linear motor of Claim 5, characterized In that a ratio Hd/Ht of the length Hd 
of the auxiliary teeth to the length Ht of the main teeth is set to be 0.5 s Hd/Ht < 1 . 

The pennanent magnet synchronous linear motor of Claim 5 or Claim 6, characterized In that the annature core 
Is made up of a plurality of divided cores, and is fomried such that a convex engagement part Is provided on a side 
face of a yoke portion that constitutes the divided cores whereas a concave engagement part Is provided on an 
opposite side face thereof, and adjoining parts of the engagement parts are fitted and united with each other. 

A pennanent magnet synchronous linear motor comprising: 

a field yoke having a plurality of pennanent magnets which constitute field poles so that a polarity thereof is 
alternated and which are arranged linearly, arid an annature facing an aray of the pennanent magnets through 
a magnetic air gap; 

the annature comprising an armature core having main teeth and slots, an annature winding wound In the slot 

of the annature core, and auxiliary teeth provided at both ends of the annature core; 

the field pole and the annature being relatively moved under the condition that one of the field pole and the 

armature Is caused to serve as a stationary element and the other one is caused to serve as a movable element; 

the linear motor characterized In that a center-to-center distance Tp of the auxiliary teeth and a pitch of 

the field pole satisfying a relationship of (2n-1 ) x^/S ^ Xp < (2n-1) Xn/2 (n is a positive integer), and 

the length of the auxiliary teeth Is set to be In the range of 0 < Hd ^ Ht where Hd Is the length of the auxiliary 

teeth in a direction orthogonal to the array of the pennanent magnets and Ht is the length of the main teeth in 

the direction orthogonal to the array of the pennanent magnets. 

The permanent magnet synchronous linear motor of Claim 8, characterized in that the width Bd of the auxiliary 
teeth along a longitudinal direction of the amy of the permanent magnets Is set to be nan-ower than the width Bt 
of the main teeth along the longitudinal direction of the array of the pennanent magnets. 

The pennanent magnet synchronous, linear motor of Claim 8 or Claim 9, characterized In that the annature core 
is nhade up of a plurality of divided cores, and is formed such that a convex engagement part is provided on a side 
face of a yoke portion that constitutes the divided cores whereas a concave engagement part is provided on an 
opposite side face thereof, and adjoining parts of the engagement parts are fitted and united with each other. 
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Contour line 




Hd: Length of the auxiliary teeth 
Ht: Length of the main teeth 

Tp: Center- to-center distance of the auxiliary 

teeth in this embodiment 
Tpo: Center- to-center distance of the auxiliary 

teeth in the conventional technique 

F j g. 2 



10 



07/20/2004, EAST Version: 1.4.1 



EP 1283 586 A1 



Cogging thrust Fl acting on the main teeth 



Cogging thrust 




Entire cogging 
thrust 

: F « PI + F2 



Length Hd of the auxiliary 
teeth = 

Length Ht of the main teeth 



H d/H t 
Cogging thrust F2 
acting on the auxiliary teeth 



F I g. 3 



11 



07/20/2004, EAST Version: 1.4.1 



EP1 283 586A1 




F i g.. 4 



12 



07/20/2004, EAST Version: 1.4.1 



EP 1283 586 A1 



rpo 




11 a n b 



F i g. 5 



13 



07/20/2004, EAST Version: 1.4.1 



EP 1 283 586 A1 



internahonal search report 



Interaational application No. 

PCT/JPOl/01146 



A. CLASSIHCA.TIOK OF SUBJECT MAlim 
Int.Cl' H02K41/03 



According to Intemational Fatent Oassiflcatioa (IPC) or to both nalional classification and IPC 



B. FIELDS SEARCHED 



Minimuin docmnenCation searched (dsssificatioa system fiiUowcd by classification symbols) 
Int . Cl' H02K41/02-41/035 



Documentation searched other fean minirmnn documentalion to the extent that such documents are inchided in the fields searched 
Critsuyo Shinan Koho 1926-1996 Toroku Jltsuyo Shizian Kbho 1994-2001 

Kokai Jltsuyo ^linan Koho 1971-2001 JitsiQro Shinan Tbzoku Kc^ 1996-2001 



Etectropic data basoconsttted during AeinticniBthHiftl search (name ofdata base BBd« where piacticabl^aeaiditecDU used) 



a DOCUMBimOONSIDERfiDTOBBRBLEVANT 



Cfttogory* 



Citation of docuroest, witfa.indicatiQn, where appTOpiiate, of tfie rdevant passages 



RdevaottocfaimiNo. 



JP, 11-89209, A (Fulcui Pref. Gov.), 
30 March, 1999 (30.03.99), 
Fig. 8 (Family: none) 

JP, 9-37540, A (Shinnko Electric Co., Ltd,), 
07 February, 1997 (07.02.97), 
Pigs. 1 to 13 (Family: none) 

JP, 7-53427, Y2 (Yasukawa Electric Corporation), 
06 December, 1995 (06.12.95), 
Fig. 1 (Family: none) 



JP, 4-281359, A (Fuji Electric Co. 
06 October,. 1992 (06.10.92), 
Fig, 5 (Family: none) 



Ltd.), 



JP, 2Q01-8432, A (Sankyo Seiki Mfg. Co., Ltd,)., 
12 January, 2001 (12.01.01), 
Fig. 3 (Family: none) 



1-10 



1-10 



1-10 



1-10 



4,7,10 



Rl Further doonmems are listed fai the contfamalion of Box C. Q See pateok &n)2ty annex. 



Special categcries of cited documents: 

document defining fbe geneial state itf the art which is not 

ooasidered to be of paxl^ularrelevsiKe 

eaiiier docament but publisSied 00 or after the htenationtf filing 

date 

document which may throw doiibts on pfMy claimCs) or which is 
cited (D establish the pubUcadon date of another citadon or other 
spectal reason (as specified) 

docoment re&ning to an oial disclosure^ use, exhibition or oilier 



*P" document published prior to the mtemational filing date but later 
than the priority date clainiwl 



later document published alter the faitcniational filing date or 
priority d&te and not in conflict wlih tbs appfication but cited to 
undentand the princq}Ie or theoiy undertying the invention 
document of particular relevance; die dumed invention cannot be 
considered no vel or cannot be Donddered to involve an btvondve 
stiop when dw document b takes a^ue 
docnmeat of particular relevancy ttie claimed invention cannot be 
consideied to {nvolvean mventive step when (he document is 
combined with one or more odwr such documents, sudi 
condKnation being obvious to a peoon Skilled io ttus ait 
document saecehct of the same patent fimily 



Date of (he actoal coiiq>letlon of the international search 
30 May, 2001 (30.05.01) 



Date of mailing of the intonatianal search report 
12 June, 2001 (12.06.01) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 



Authorized officer 
Telephone Ko. 



FQnnPCr/ISA/210 (second sheet) (July 1992) 



14 



07/20/2004, EAST Version: 1.4.1 



EP 1283 586 A1 



Hmj^ATIONAL SEARCH JREPORT 



fiatBinstional apptkadon No; 

PCT/JPOl/01146 



C (O^nmuatioa). DOCUMENTS CONSDXSRED TO BE RELBVAMT 



Cat^goiy* 



Ql ati o n of docmmiitt wifli indicatioi^ vAm sppnpnatt^ of the relevant passages 



Relevant to claim No. 



JP, 11-262236, A (Yaaukawa Electric Corporation) , 
24 September/ 1999(24.09.99), 
Fig. 1 (Family: none) 



4.7,10 



Fomi PCT/QSA/210 (contuniatkm of second sheet) (July 1992) 



15 



07/20/2004, EAST Version: 1.4.1 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

I^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ R£FER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



